Objectives To establish whether differences in early IQ explain why people with longer education live longer, or whether differences in father's or own educational attainment explain why people with higher early IQ live longer. Design Population based longitudinal study. Mortality risks were estimated with Cox proportional hazards regressions. Setting Malmö, Sweden.
INTRODUCTION
Previous research suggests that intelligence in childhood and early adulthood is linked to morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] This association exists for a number of diseases and causes of death. Furthermore, a relationship between intelligence and health can be seen across the complete distribution of IQ, including in the especially gifted. 8 The link between IQ and health seems important for at least two reasons. Firstly, the association may challenge our understanding of socioeconomic differences in health. Linda Gottfredson, for example, suggested in a paper that has attracted much attention that variation in intelligence might be the "fundamental cause of social class inequalities in health." 9 Secondly, and perhaps more intriguingly, the findings about early intelligence and health could imply that cognitive skills should be addressed in efforts to promote health. However, the details of the relation between early IQ, socioeconomic circumstances, and health are far from clear.
Early IQ has long been known to correlate with both childhood and adult socioeconomic conditions. 10 Given that IQ is also related to health, differences in IQ could thus offer a way of looking at health inequalities that differs from the "general susceptibility" theory suggested by Cassel-that is, a weakened resistance to diseases in general, stemming from being in a position where you are exposed to negative psychosocial factors 11 -or the "status syndrome" suggested by Marmot-that is, that health is related to social circumstances in a graded way across the whole social spectrum. 12 The idea of IQ as the "fundamental cause" of health inequalities is tempting because it has so far been difficult to explain why adult morbidity and mortality from a large number of unrelated diseases are similarly distributed over social groups regardless of whether groups are stratified by education, income, or occupational class. [13] [14] [15] [16] [17] Known risk factors can explain some, but not all, of this pattern. 18 In addition, a more fundamental question remains unanswered, namely why seemingly unrelated risk factors are almost always more common among the socially disadvantaged. The IQ hypothesis suggests that higher intelligence leads to more healthy behaviour and successful avoidance of risks in all areas of life.
According to another strand of research, it may be that socioeconomic conditions explain the association between early IQ and later health-IQ in itself does not contribute to health but rather varies with those socioeconomic conditions in childhood and adulthood that affect health. Most research into IQ and health has focused on exactly this issue: researchers have tried to isolate the effects of early intelligence on health by controlling for childhood and adult socioeconomic conditions. 3 4 There is a need for analyses that simultaneously test the two competing hypotheses: firstly, that early IQ is the fundamental explanation for socioeconomic differences in mortality; and secondly, that socioeconomic conditions in childhood and adulthood are responsible for mortality differences linked to early IQ. Of the three most common measures of socioeconomic statuseducation, occupational class, and income-education has the advantages of being relatively stable and having a strong relationship with both IQ and health.
This research aimed to answer two questions: whether differences in early IQ can explain why people with longer education live longer; or whether differences in father's or own educational attainment explain why people with higher early IQ live longer. We tracked all cause mortality from the age of 10 years old up to the age of 75 years in individuals enrolled in the Malmö Longitudinal Study, a Swedish cohort study of 1530 unselected boys and girls who took cognitive tests in their third grade.
METHODS
The Malmö longitudinal study The Malmö Longitudinal Study was started in the middle of the 1930s by the teacher Siver Hallgren. Hallgren had noted that the early selection of Swedish schoolchildren into special or normal classes-and later into the more academic "realskola"-was often on the basis of judgments made by a single schoolteacher and thus was prone to bias; for example, by social class and gender. In February 1938, Hallgren collected data on socioeconomic conditions and IQ tested children in the third grade of school (around 10 years old) in all schools and all classes in the Swedish city of Malmö. This cohort was then followed over many decades by Torsten Husén.
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Sweden's economic conditions at the time were comparable to those in middle income countries today, and Sweden was shifting from an agrarian society to an industrial society. Malmö had around 150 000 inhabitants in 1938 and was rapidly becoming industrialised, employing workers in such places as shipyards and textile factories. Most of the women in the children's mothers' generation did not have work outside the home, whereas, in contrast, most of the girls in the Malmö Study subsequently did. The city was hit relatively hard by the depression during the 1930s and had high levels of unemployment. 20 We linked the data from the Malmö Longitudinal Study through personal identity numbers to the Swedish causes of death register. Our follow-up covers deaths until 31 December 2003 and has a very low dropout: only 12 individuals were excluded owing to missing IQ data or because they were lost to follow-up.
Child's intelligence The intelligence test used by Hallgren comprised several subtests that had previously been shown to correlate with more extensive one to one testing by psychiatrists and that were not heavily influenced by learnt or memorised material. 21 22 The test was tried out and successively modified during pilot testing of 860 children in the Malmö region over the course of one year to guarantee that the questions were understandable and had a suitable degree of difficulty, and that the testing time was suitable.
The final version of the intelligence test, which was first piloted among 300 children, consisted of four subtests:
Antonyms to sixteen words in the vocabulary of a third grade child; for example, "hard," "sell," "brave," "low," and "increase."
Sixteen missing words in a story; for example, "We went on an excursion to the forest. There we xxxx flowers. We played, and when we got xxxx, we went home." A test of perception with sixteen lines, each with eight simple pictures of which only two were exactly identical. Eight sentences with words in the wrong order, each sentence written on two lines to increase complexity; for example, "Swum friend river [new line] my over wide the has." Two different versions of the test were administered to reduce the risk of cheating. The test was either administrated by Hallgren himself or a graduate student trained by Hallgren. The test was given in the morning because afternoon tests were associated with lower scores in the pilots. Scores were standardised to generate a mean of 100 and a standard deviation of 15 for those of the normal age for that class; that is, those born in 1928. For validation, a sample of children underwent a more extensive and individualised IQ test used in certain schools at the time. 23 In addition, a male sub-sample (n=613) was followed up in 1948 by Torsten Husén, who constructed the intelligence test used in Swedish conscript testing. The correlation between IQ in 1938 and IQ in 1948 was r=0.72. 24 
Socioeconomic conditions
Data on father's education, father's occupation, and parental income were collected from population, tax, and school registers in 1937, before the IQ testing began. Father's education was grouped into four categories: basic (elementary school for six or seven years); short vocational (short on the job training or equivalent); long vocational (longer period of apprenticeship or the equivalent); and theoretical (junior secondary school or higher). Father's occupation was grouped into four categories: unskilled manual (for example, factory and construction workers); skilled manual (for example, carpenters and house painters); lower non-manual (for example, foremen and policemen); and higher non-manual (for example, managers and engineers). Parental annual income in Swedish crowns was grouped into five categories: 0-1499; 1500-2499; 2500-3499; 3500-4499; and 4500 or more.
Four major sources were used to explore the participants' own educational attainment: school registers with information about elementary school and transfers to secondary school covering the spring term of 1938 and onwards; a questionnaire mailed to the principals of junior and senior secondary schools; the national register of students at universities and equivalent institutions around 1960; and, finally, a questionnaire mailed in 1964. 19 When used as a categorical variable, own educational attainment was grouped into five categories: school dropouts (left elementary school before passing the seventh grade but in most cases after passing the sixth (six years of schooling)); basic (elementary school for seven years); vocational (also includes dropouts from junior secondary school (average eight and a half years of schooling in total)); short theoretical (completed junior secondary school (average 10.5 years of schooling)); and long theoretical (completed senior secondary school (average 14 years of schooling)).
Statistical methods
Mortality risks were estimated by Cox proportional hazards regressions. Survival time was measured as age in days, with day of birth set to the 16th day in the month of birth, or the 15th for participants born in February, and day of death obtained from the Swedish causes of death register. Father's education and occupation, and family income, were used as categorical variables. IQ and own educational attainment were primarily used as metric variables, with educational attainment measured as number of years of schooling. Results are also given for models where IQ quartiles and educational attainment were modelled categorically. All three models of educational attainment and mortality, as well as those with IQ and mortality, were fitted for the individuals with complete data for all covariates.
RESULTS
A total of 1542 children in the third grade of school in Malmö took an IQ test in 1938 and were included in the study: 708 girls and 834 boys. Military registers suggest that the total number of boys in the third grade in Malmö at that time-that is, the total number of boys eligible for the study-was 948. Assuming that the proportion of missing girls is the same, the sample covers approximately 88% of the eligible population. The missing group consists of children absent from school on the day of testing. 24 A total of 12 individuals were excluded owing to missing IQ data or because they were lost to follow-up; therefore, 1530 individuals were included in the analyses (698 women and 832 men). Of the 1530 individuals, 40 were right censored because of migration or loss to follow-up.
Complete information on IQ, father's education, and own educational attainment was available for 1338 individuals (87.5%; tables 1 and 2). The mean IQ was 97.7 (standard deviation 16.0) among men and 98.5 (standard deviation 16.8) among women. Most participants were educated to a basic level (39%) or underwent vocational education (25%). The remaining participants were school dropouts (9%) or underwent short theoretical (15%) or long theoretical (13%) education.
Most participants had fathers who had undergone long vocational education (554/1494 (37%)), whereas fewer had fathers who had received short vocational (367/1494 (25%)), basic (317/1494 (21%)), or theoretical (256/1494 (17%)) education. Fathers largely held unskilled manual (515/1529 (34%)) or skilled manual (521/1529 (34%)) jobs, and fewer had lower non-manual (280/1529 (18%)) or higher non-manual (213/1529 (14%)) roles. Data on father's occupation were only missing for one individual. Regarding parental annual income in Swedish crowns, 15% (226/1520) of parents earned 0-1499, 20% (301/1520) earned 1500-2499, 34% (515/1520) earned 2500-3499, 15% (224/1520) earned 3500-4499, and 17% (254/1520) earned 4500 or more.
Educational attainment and mortality risk Table 3 shows mortality risks by educational group for both sexes. Higher educational attainment was strongly associated with lower mortality risks for both men and women (hazard ratio (HR) for each year in school 0.88 (95% CI 0.83 to 0.92) and 0.91 (95% CI 0.83 to 0.99), respectively). Adjusting for father's education hardly changed this relation (HR 0.87 (95% CI 0.83 to 0.92) and HR 0.90 (95% CI 0.82 to 1.00) for men and women, respectively). Further adjusting for For both men and women, there was an inverse relation between mortality risk and length of own and father's education, although most estimates did not reach statistical significance for women. Furthermore, IQ was positively related to length of both father's and own education, for men as well as women (tables 1 and 2).
For men, there was a graded association between IQ and mortality risk, with a twofold higher risk of mortality in those in the fourth (lowest) quartile for IQ compared with those in the first (highest) quartile (HR adjusted for father's education 1.99 (95% CI 1.41 to 2.83) v 1.00 (ref); table 4). For each unit decrease in IQ, the risk of dying increased by 1.7%. This means that the mortality risk rose by more than 30% for every one standard deviation reduction in IQ.
A substantial part of the effect of IQ on men's mortality was mediated through their educational attainment, but a clear and significant effect of IQ persisted even once the estimates were adjusted for this variable (HR for one standard deviation increase in IQ 0.85 (95% CI 0.75 to 0.96) and for one standard deviation decrease in IQ 1.18 (95% CI 1.04 to 1.33)). The association between IQ and mortality in men was not confounded either by father's education or by other childhood socioeconomic factors. Adding father's occupation, parental income, and whether the child repeated a grade in school to the model only marginally affected the estimate for a one unit decrease in IQ (from HR 1.017 (95% CI 1.010 to 1.024) to HR 1.018 (95% CI 1.010 to 1.026) for those men that had data on all covariates; change <6%; for women the reduction was <18%, but this estimate is imprecise owing to low numbers).
In contrast, there was no evidence of IQ having any effect on mortality in women (adjusted HR for fourth quartile v first quartile 1.09 (95% CI 0.68 to 1.79) v 1.00 (ref); table 4). When father's and own educational attainment was adjusted for, the mortality risk was highest in the 25% of women with the highest cognitive ability (adjusted HR for first quartile v fourth quartile 1.00 (ref) v 0.80 (95% CI 0.48 to 1.34)). The statistical interaction between IQ and sex in relation to mortality was significant in all three versions of the model with IQ as a metric variable; that is the crude model, the model adjusted for father's education, and the fully adjusted model (P<0.01, P<0.05, and P<0.05, respectively). 
Net effects of IQ beyond the effect of own education
The similarities between men and women with respect to the effect of educational attainment on mortality and the differences with respect to the effect of IQ led us to conduct additional analyses that used the following information about social career over and above own educational attainment: average grades in school; occupational status at age 36; number and timing of children; and partner's educational attainment. We also used some information on causes of death in these analyses, although the only data available were the chapter in the International Classification of Diseases category (versions 7, 8, 9, and 10) to which the diagnosis belonged. Furthermore, this information was only available for deaths up to the end of 2001. We found that the higher mortality among women with above average IQ (>100), given a certain education, appeared only in the older ages. When followed until the age of 60 years, the hazard ratio adjusted only for own educational attainment in women with above average IQ was 0.98 (95% CI 0.49 to 1.96). From the age of 60 and onwards, however, the hazard ratio for women with above average IQ increased to 1.60 (95% CI 1.06 to 2.42). In contrast, the hazard ratio for men with above average IQ in a similar model-that is, in those aged 60 or older-was 0.72 (95% CI 0.54 to 0.97). The figure shows the estimated survival functions on the basis of IQ (above or below average) and adjusted for educational attainment for men and women who survived to the age of 60 years.
Next, we checked whether the negative net effect of IQ on mortality among women over age 60 years could be explained by average school marks in the third grade in school, occupational status at age 36, number of children, year of first child's birth, or partner's educational attainment. Adding these measures of social career over and above educational attainment to the model only marginally affected the hazard ratio for women with above average IQ (from HR 1.35 (95% CI from 0.80 to 2.29) to HR 1.37 (95% CI 0.75 to 2.50); change <5%).
With educational achievement adjusted for, cause specific analyses suggested high mortality risk (that is, hazard ratios higher than 1.0) for all causes of death in women over the age of 60 with above average IQ: tumours (46 cases); circulatory disease (29 cases); respiratory disease (6 cases); gastrointestinal disease (5 cases); and other causes of death combined (6 cases). In particular, the estimate for tumours approached significance (HR 1.71 (95% CI; 0.91 to 3.22); P<0.10).
DISCUSSION

Principal findings
In this study, mortality differences among participants by own educational attainment were not explained by childhood IQ, neither for men nor women. Hence, our results do not suggest that differences in early IQ can explain why people with longer education live longer.
Furthermore, we found that childhood IQ was independently linked to male adult mortality, even when childhood social position and own educational attainment were taken into account. Thus, social background or educational attainment seem unlikely to be the primary explanations of health differences by childhood IQ among men. Intelligent men tended to have longer education, and higher cognitive ability also seems to have an additional direct protective effect.
In women, the relation between IQ and mortality was negative when father's and own educational The first quartile consists of the 25% with the highest cognitive ability. Survival from age 60 years by sex and cognitive ability, adjusted for own educational attainment attainment was adjusted for-that is, the mortality risk was highest in those with the highest IQ-although not significant. This finding suggests that intelligent women may have a greater underlying risk of dying that is masked by their having on average a longer education and, supposedly, a lower mortality risk than women who spent less time in education. The net effect of IQ on mortality risk in women was strongest in older women-that is, women with above average cognitive skills had a higher risk of dying when aged over 60 than other women with the same educational attainment. These findings seem incompatible with the idea that early IQ has an association with health primarily through being a marker of a "well wired" 25 or healthy body. According to this hypothesis, the association between early IQ and health may be lead primarily by health, rather than the other way around, in the sense that people who have healthy bodies to begin with-for example, owing to a good genetic makeup -also have higher IQ. However, this seems unlikely to be a good explanation given our finding that early IQ has no clear protective effect for women. Instead, variation in the effect of IQ, between men and women in our study and among women in other studies, points to the role of the environment in a wide sense. This possibility is good news for public health given that environments are modifiable.
Comparison with other studies Recent studies where IQ has been measured in older individuals support to some extent Gottfredson's hypothesis that intelligence might be the "fundamental cause of social class inequalities in health." One of these studies measured cognitive ability at age 56 with mortality until 73 years of age. IQ partly explained socioeconomic differences in health in this study. 26 A later study by the same group of authors measured cognitive ability at age 18 and age 38 ("mid life"), with a mean mortality follow-up of 15 years. The authors concluded that mid life IQ has a stronger attenuating effect on socioeconomic differences in mortality than early IQ, 27 in line with the results from our study with IQ measured at age 10-that is, that IQ explains less when it is measured early. The lack of a protective effect of IQ among women in our study is in agreement with the results from the 1946 British Birth Cohort Study, which found no statistically significant protective effect of IQ for women but did record an effect for men. 28 In contrast, the Scottish Mental Survey of 1932 29 and the Nun study, which began in 1986, 30 found that cognitive ability had protective effects on health in both sexes. Nuns, of course, have a very particular lifestyle that rarely includes smoking or other "male" behaviours. Relatively high mortality during World War II, for women as well as for men, seems to have contributed to the association reported in the Scottish study.
A few studies have suggested that there is an inverse relationship between cognitive ability and health behaviours among women. In the Wisconsin Longitudinal Study, high cognitive ability in childhood was associated with smoking among women, but not men, born in 1928 to 1946. 31 In a recent study of 19 countries, including Sweden, highly educated women over 60 were more likely to have ever smoked than those with less education, whereas the opposite was true in younger cohorts. 32 The generation of women that we have studied had rights relatively equal to those of men, and they were also the first to adopt the previously male behaviour of smoking. The prevalence of daily smoking among women in Sweden born between 1924 and 1928 was almost 30% in 1953, when participants in our cohort were in their late 20s, and stayed roughly the same until 1983, when they were in their late 50s. 33 We suggest that the association between IQ and mortality in women could be the result of women with above average IQ being quicker in taking up smoking.
Overall, the differences between our study and previous studies suggest that the social and cultural context of female participants could be responsible, in part, for the negative relation between IQ and mortality in women. They also highlight the need for more studies with data on women.
Strengths and limitations
Our final dataset is relatively small, but our study has a much longer follow-up and lower attrition than in a typical epidemiological study. Our study also uses IQ measured at a very early age compared with similar studies in the field. In addition, information is available about both adult and childhood socioeconomic circumstances, including parental and own education, and our study includes both men and women. Admittedly, the participants in our study are from only one city. On the other hand, the study data come from a near total census of that city, namely almost all children in the third grade of school. In relation to other studies, the most important strength of our study is that it includes data on women. Many other studies have drawn broad conclusions without any data on women.
WHAT IS ALREADY KNOWN ON THIS TOPIC
Both intelligence and socioeconomic conditions are linked to disease, and there is a correlation between IQ and socioeconomic conditions Controversy exists over whether IQ is the fundamental explanation for socioeconomic health differences, or if early socioeconomic conditions are the explanation for health differences by early IQ, or if neither proposition is correct
WHAT THIS STUDY ADDS
Mortality differences by own educational attainment in adulthood were not explained by childhood IQ Mortality differences by childhood IQ in men were not explained by social position in childhood or own educational attainment Women aged 60 years or over with above average IQ had an increased mortality risk compared with their less intelligent counterparts when own educational attainment was adjusted for
Conclusions and implications
Our findings do not support the view that IQ in early life is the fundamental cause of socioeconomic differences in mortality, because an independent association between educational attainment and mortality persisted after adjusting for early IQ. At the same time, early IQ in itself seems an important determinant of mortality over and above educational attainment. Furthermore, the latter effect differed between men and women.
These findings suggest that IQ is important for mortality risk in ways that involve the social and physical environment rather than simply being a marker of having a healthy body to begin with; for example, owing to a good genetic makeup. Given that environments are modifiable, our findings suggest that cognitive skills should be addressed in our efforts to create childhood environments that promote health.
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